Uniform deposition of YBa ,Cu305 thin films over an 8 inch diameter area
by a 90° off-axis sputtering technique

R. A. Rao, Q. Gan, and C. B. Eom®
Department of Mechanical Engineering and Materials Science, Duke University, Durham,
North Carolina 27708

Y. Suzuki
Lucent Technologies, Bell Laboratories, Murray Hill, New Jersey 07974

A. A. McDaniel and J. W. P. Hsu
Department of Physics, University of Virginia, Charlottesville, Virginia 22903

(Received 8 February 1996; accepted for publication 16 October) 1996

The uniform deposition of YB&Zu;0O; (YBCO) thin films over an 8-in.-diam. area, using a
3-in.-diam. sputtering target and optimized substrate rotation in a single target 90° off-axis
sputtering technique, is reported. Two dimensional maps of the thickness profile of YBCO films
deposited on a stationary substrate have been obtained using surface profilometry. These thicknesses
were used in a computer simulation to predict which distance of the target from the center of the
substrate rotation will produce the maximum area with uniform thickness. The films deposited on
substrates mounted on a rotating arm displayed uniform thickfess5% variation and
composition(<2.3% deviation from the target stoichiometrgnd a consistently high transition
temperature T,>87.5° K) and critical current density J¢,, «>2X10" Alcm?) over an
8-in.-diam area. ©1996 American Institute of Physids$S0003-695(96)02551-X

Epitaxial thin films and heterostructures of oxide mate-dent upon the shape and size of the erosion zone of the
rials have great potential for novel device applications beitarget, which is annular shaped in planar magnetron sputter-
cause these materials exhibit an enormous range of electricéhg. It is thought that increasing the diameter of the erosion
magnetic, and optical properties. Large area uniform filmring will cause more lateral spread of the flux. Hence, better
deposition is required to get reliable device performancehickness uniformity should be obtained in the lateral direc-
over the entire wafer and for efficient processing. Severation. Furthermore, due to a larger erosion zone area, there
techniques have been successfully used to grow various oshould be an increase in the flux emitted from the target
ide thin films on small areaé<3 in. diam, such as pulsed provided that the current density is kept constant. As a result,
laser depositiod, metal organic chemical vapor deposition the growth rate should increase.

(MOCVD),? cylindrical magnetron sputteringon-axis dc Figure 1 shows the 90° off-axis sputtering geometry and
magnetron sputterinty90° off-axis sputtering;® ion beam  the various reference axes on the substrate along which the
sputtering and multi gun off-axis sputtering® Recently,  variation in thickness, composition, and superconducting
Kinder et al° have used thermal reactive evaporation fromproperties were measured. TKe- X’ axis is the lateral axis
elemental sources, in conjunction with a rotating disc heateglong which the distance from the target is fixed, andYhe
which allows intermittent deposition and oxidation in spa-—Y’ axis is the longitudinal axis along which the distance
tially separated zones, to deposit very large a®® in.  from the target increases. We have mounted both a standard
diam) YBCO films. 2-in.-diam. and a larger 3-in.-diam. stoichiometric YBCO
90° off-axis magnetron sputterifig* has been especially target on planar magnetron USun Il sputter sources. All
attractive and widely used for large area deposition of oxidghe films were deposited at an operating pressure of 200
thin films because of its SlmpIICIty and reprOdUCibi”ty. It has mTorr (80% Ar/20% Q) while maintaining a constant dis-
already been demonstrated that this process can produce thighceh between the substrate and the edge of the tdFigt
films with the smooth surfaces required for multilayer 1)
growth and device applicatiofisThis technique also uses @ To maintain consistency in the experiments, both targets
single composite target instead of multielemental sourcesyere sputtered at the same rf power density. The shape and
which is a considerable advantage in heterostructure anglize of the erosion rings of the two targets were measured
multilayer deposition. However, the growth rate is relatively after presputtering. The mean diameter of the erosion groove
slow and acceptable thickness uniformity has been demonst the 3 in. target was found to be 1.7 in. and that of the 2 in.
strated only over 3-in.-diam areas. target 1.1 in. As a result, we expected better uniformity in

In this letter, we present the results of very large arégne |ateral direction from the 3 in. target. The ratio of the

deposition of YBCO thin films using a larger sputtering tar- grosjon areas of the 2 in. and the 3 in. targets was found to be

get and optimized substrate rotation in a single target 909.1 g Therefore, a rf power of 100 W was applied to the 2
off-axis sputtering technique. The film thickness distribution;;, target and 180 W to the 3 in. target.

that is obtained from a sputtering source is primarily depen-  vgco films from both targets were deposited at room

temperature on stationary 8 in. Si wafers. An Alpha Step 500
dElectronic mail: eom@acpub.duke.edu surface profiler was used to measure the thickness of the
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FIG. 2. Comparison of thickness profiles obtainedrfra 2 in. target and 3
in. target on a stationary substrate, along theY’ axis. The thickness
profile obtained from the 3 in. target on a rotating substrate is superimposed
for comparison. The inset shows a comparison of the thickness profiles

along theX—X’ axis.
FIG. 1. The 90° off-axis sputtering geometry and the various reference axes

on the substrates across which thickness, compositionTandere mea-
sured.

The thickness distribution predicted by the simulation
was confirmed in an experiment where the substrate was
films at every 0.25 in. in both th®¥—X" andY—Y’ direc-  continuously rotated during deposition at a speed of 12 rpm
tions, as shown in Fig. 1. Thus, a two dimensional arrayabout the center of the wafer, as shown in Fig. 1. The thick-
consisting of about 900 measured thickness values was obress distribution obtained from the 3 in. target on a rotating
tained which represented the complete map of the thicknessubstrate is shown, in comparison with that on a stationary
distribution over an 8 in. diameter area. The thickness of thgubstrate, in Fig. 2. A variation of less tharb% in thick-
films ranged from 1000 A to 6000 A. ness is obtained over the entire 8-in.-diam. substrate, in con-
The thickness profiles measured along two orthogonafrast to the 1.3-in.-diam area obtained without substrate rota-
directions—the lateral X—X') axis and the longitudinal tjon.
(Y—Y') axis—are shown in Fig. 2. The distribution along Furthermore, the average deposition rates obtained from
the X— X' axis is bell shaped and symmetric about the lon-the 3-in.-diam. and 2-in.-diam. targets on rotating substrates
gitudinal axis because the ring shaped erosion zone is alsgere found to be 172 A/h and 108 A/h. This result clearly
symmetric about the same axis. Due to its larger erosioghows that the deposition rate as well as the thickness uni-
zone diameter, the thickness distribution obtained from the $ormity can be scaled up by increasing the target diameter in
in. target is more uniform than that obtained from the 2 in.90° off-axis sputtering.
target. Furthermore, the deposition rate obtained from the 3  The composition variation and stoichiometry of the films
in. target is about 33% higher than the rate from the 2 indeposited on both stationary and rotating substrates were
target. measured with Rutherford backscattering spectroscopy
The thickness of the film along thé-Y’ direction in- (RBS). On stationary substrates, a maximum composition
creases across the substrate as the distance from the targatiation of 3.2% along an 8 in. strip in thé-Y' direction
increases until it reaches a peak value, beyond which theias observed for films deposited from the 3 in. target. Along
thickness decreases monotonically. This asymmetrical distrthe Y —Y’ axis, the films deposited from both the 2 in. and 3
bution leads us to believe that rotating the substrate woulih. targets displayed an increase in Ba content and decrease
expose every part of the substrate to a deposition rate alorig Cu content as the distance from the target was increased.
theY—Y' axis which alternates between being high and low.  The films deposited from the 3 in. target onto a rotating
Thus, the average over time should be a uniform thicknessubstrate displayed a maximum variation in composition of
over a large area of the substrate. To obtain the maximurtess than 2.5% over an 8-in.-diam area, as shown in Fig. 3.
area with uniform thickness for a given target diameter, theThe percentages mentioned here refer to the sum of Y, Ba,
optimum distance of the target from the center of substratand Cu content as 100%. The maximum deviation from the
rotation needs to be identified. This was achieved using #arget stoichiometry was observed tob&.2% in Y, +1.5%
computer simulation which uses the two dimensional thickin Ba, and—2.2% in Cu.
ness profile data obtained on a stationary substrate to pro- The variation in superconducting transition temperature
duce the thickness distribution that would be obtained on @nd critical current density was measured as a function of
rotating substrate. The simulation uses an azimuthal averagubstrate position with rotation. A 3-in.-diam. resistive sub-
ing algorithm and iteratively solves for the optimum targetstrate heater mounted on a rotating arm was used to grow
distance. The program used a thickness uniformity requireerystalline YBCO thin films at high temperature. The radial
ment of =5% to determine the area. distance of the heater from the center of rotation was in-
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FIG. 4. Variation inT, and J, at 4.2 K of 4000-A-thick YBCO films
deposited from the 3 in. target as a function of the radial distanckom

the center of rotation. The bars represent the spread in the data obtained
from the measurement of two samples at each value of

FIG. 3. The variation in composition obtained from the 3 in. target on a

rotating substrate. The composition of the target, shown in broken lines, is

superimposed for comparison. in flux emitted from the larger erosion area of the target. The
optimum distance of the target from the center of substrate
creased for successive runs until the entire 8-in.-diam. aregtation can be predicted by the computer simulation for any
was studied. All the films for these studies were deposited odesired maximum variation in thickness. Hence, by decreas-
0.25 inx0.25 in. LaAlO; substrates at 735 °C. The transi- ing the area of optimization, the uniformity in thickness,
tion temperature T) of the films deposited from the 3-in.- composition, and superconducting properties can be further
diam. target was consistently high-87.5 K) over a radial  improved. The results obtained here are technologically im-

distance of 4 in(i.e., 8-in.-diam. areia as shown in Fig. 4. portant because the same approach can also be applied for
We believe that the variation in the transition temperatures isarge area deposition of other oxide thin films.
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